incernauonai Bureau 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 4 

G02C7/04, 7/06 



Al 



(11) International Publication Number: WO 87/ 00299 

(43) International Publication Date: 15 January 1987 (15.01.87) 



(21) International Application Number: PCT/US85/01213 

(22) International Filing Date: 24 June 1 985 (24.06.85) 



(71X72) Applicant and Inventor: BRONSTEIN, Leonard 
[US/US]; 4715 East Grandview, Phoenix, AZ 85032 
(US). 

(74) Agent: FLICKINGER, Don, J.; 1700 North Seventh 
Street, Suite Three, Phoenix, AZ 85006 (US). 



(81) Designated States: AT, AT (European patent), AU, BB, 
BE (European patent), BG, BR, CF (OAPI patent), 
CG (OAPI patent), CH, CH (European patent), CM 
(OAPI patent), DE, DE (European patent), DK, FI, 
FR (European patent), GA (OAPI patent), GB, GB 
(European patent), HU, IT (European patent), JP, 
KP, KR, LK, LU, LU (European patent), MC, MG, 
ML (OAPI patent), MR (OAPI patent), MW, NL, NL 
(European patent), NO, RO, SD, SE, SE (European 
patent), SN (OAPI patent), SU, TD (OAPI patent), 



TG (OAPI patent), US. 



Published 

With international, search report. 



(54>Britle: CONTACT LENS 



C42 




(57) Abstract 



o 

o 

_j 
m 

< 

9- 
U0 
Ui 



A contact lens (20) whose posterior surface (34) has three zones, a central (36), an intermediate (38) and a peripheral 
(40). The anterior surface (32) of the lens also has a central zone (42) corresponding to the posterior central zone (36). The 
central zones (36) (42) of these surfaces (34) (32) form the optical zone of the lens (20). The posterior intermediate zone (38) 
of the lens (20) is aspheric with its radius of curvature increasing continuously from the central (36) to the peripheral (40) 
zones to cause the cornea (25) to assume a more optimal shape. The chord diameter (54) of the "posterior central zone (36) 
is equal to or less than the measured maximum radius of curvature of the central zone of the cornea (25) and preferably 
larger than the largest measure diameter of the pupil (20) of the eye (22) of the patient. The radius of curvature of the pos- 
terior central zone (36) is such that the difference between the sag depth of the posterior central zone (36) of the lens (20) 
and the sag depth of the corresponding corneal central zone having the greatest measured spherical radius of curvature is 
in the range of zero to 15 microns. The radius of curvature of the lens (20) in conjunction with that of the posterior central 
zone (36), provides the wearer substantially normal distance vision. For the presbyope, the optical zone can be modified to 
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DESCRIPTION 
Contact Lens 

Technical Field 

This invention is in the field of contact lenses 
and more particularly, relates to contact lenses which 
cause the corneas of patients wearing, them to assume 
aspheric shapes, and which correct the vision of the 
patients by providing single vision optics for the 
nonpresbyope and bifocal or multifocal optics for the 
presbyope . 

Background Art 

For many years, the posterior surface of contact 
lenses have been made spherical and have been used to 
change the radii of curvature of the cornea to reduce 
15 or correct the myopia of the wearer, or patient, and to 
provide the patient with normal distance vision. 
Measurements of the radii of curvature of the myopic 
cornea, particularly of the central, intermediate the 
near peripheral zones of the cornea, up to a chcrd 
20 diameter of approximately 8.5 mm, reveals that .the 
myopic cornea usually has variations in curvature from 
its center, or apex, to the periphery as defined above. 
Typically, the measurements show a difference' in radii 
of curvature between the nasal side and the temporal 
25 side and between the superior portion of the cornea and 
the inferior. Contact lenses having a spherical 
posterior surface utilizing from two to five different 
radii of curvatures in adjacent zones, with the radii 
being greater than that of the corresponding zones of 
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the cornea, for example, have been used to reduce, the 
degree of myopia. 

While lenses having such shapes have reduced the 
myopia/ the resulting shape of the cornea of the wearer 

5 on the nasal side becomes substantially spherical from 
near the center to near the periphery with a radius of 
curvature substantially that of the near periphery on 
the nasal side before wearing such lenses. The 
temporal side of the cornea from near the center to the 

10 periphery of the cornea, becomes substantially 
spherical with a radius of curvature substantially that 
of the temporal near periphery of the cornea before the 
wearer started wearing the lenses. The superior and 
inferior portions of the cornea produces similar 

15 results. Stating the results in another way, each half h 
meridian of the wearers cornea became substantially 
spherical from near the center to the measured near 
periphery and the radius of curvature of each half 
meridian is substantially that of the measured near 

20 periphery of the cornea prior to wearing the contact 
lenses . 

In those Senses where the spherical radius of 
curvature of the central zone of the posterior surfavc 
of - each lens is significantly greater than the radius 

25 of curvature of the central zone of the cornea of the 
patient, the radius of curvature of the central zone rf 
the cornea increases/ and can become distorted? i.e., 
it deviates from being spherical to a degree which 
adversely affects, or distorts, and patient's vision. 

30 In those lenses where the. spherical radius of curvature 
of the central zone of the posterior surface of each 
such lens is significantly less than the radius of 
curvature of the central zone of the cornea of the 
patient, or if the chord diameter of the central or 

35 optical zone of the posterior surface is too large and 
the lens is made of a material not permeable to oxygen. 
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the radius of curvature of the central zone of the 
cornea becomes less and the cornea edematous • When 
such a lens is made of an oxygen permeable material, 
the radius of curvature of the center zone of the 
5 cornea decreases, but edema of the cornea may not 
occur . 

The corneas of patients who have worn essentially 
spherical prior art contact lenses for a substantial 
period of time are reshaped so that on any single 

10 meridian, the radius of curvature will be substantially 
the same from the center to the near periphery. As a 
result, the perimeter, or edge, of the contact lens 
tends to extend outside, or beyond, the limba-1 bounds 
of the cornea so that the lenses are almost always 

15 decentered on the cornea. Prior art contact lenses 
have also had a problem providing adequate circulation 
of tears, lacrimal fluid, between the lens and the 
cornea to substantially prevent edema while providing 
single vision optics, for the nonpresbyope and bifocal 

20 or multifocal optics for the presbyope that provides 
the wearer with substantially normal vision. 

While other prior art contact lenses - have had 
aspheric posterior surfaces, they have been aspheric 
from center to edge, which while producing, or 

25 inducing, the cornea to assume a more desirable shape 
conducive to better centering of a : lens on the 
patient's cornea, they have not provided the optics 
needed to provide the patient with good vision. The 
prior art lenses have been able to provide good, optics 

30 or a good shape to the cornea, but not both.. 

Disclosure of the Invention 

The present invention provides contact lenses for 
correcting the vision of the eye of a patient in which 
the lens body is made of a refractive material, which 
35 material may be either oxygen permeable or not. The 
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posterior surface of the lens has a central zone, an 
intermediate zone and a peripheral zone* The anterior 
surface of the lens also has a central zone which 
corresponds to the central zone of the posterior 

5 surface. The two central zones define the optically 
effective portion, or zone, of the lens for correcting 
the vision of the patient,. The posterior central zone 
of the lens has a chord diameter which is equal to or 
less than the measured maximum radius of curvature at 

10 the center of the cornea, and which is preferably 
larger than the largest measured diameter of the pupil 
of the eye of the wearer. The radius of curvature of 
the posterior central zone of the lens is . chosen, so 
that the difference between the sag depth of the 

15 posterior central zone of the lens and th^t of the 
center of the cornea over the same chord diameter is in 
the range of 0-15 microns. The central zona of the 
anterior surface has a radius of curvature which, in 
conjunction with the central zone of the posterior 

20 surface, provides the proper power factor to cause, the 
wearer to have substantially normal distance vision. 
The intermediate annular zone of the posterior surface 
is aspheric, the curvature of which increases 
continuously from its least value adjacent .the central 

25 zone to its maximum value adjacent the peripheral zone 
to produce, on the cornea, an aspheric surface. The 
peripheral annular zone of the posterior surface is 
beveled to provide limbal clearance when the leaa. edge 
moves to the extremity of the cornea, but not to an 

30 extent to provide excessive peripheral standoff which 
would irritate the eyelid on blinking. The peripheral 
zone does promote the circulation of lacrimal fluid 
between the cornea and the lens. 

It is therefore an object of this invention to . 
35 provide a contact lens, the posterior surface of which 
has an aspheric intermediate zone which causes the 
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outer zones of the cornea of the wearer to become 
aspheric which aspheric shape of the cornea aids in 
centering a contact lens on the cornea. 

It is still another object of this invention to 
provide a contact lens in which the posterior surface 
is shaped to cause the central zone and the adjacent 
inner portion of the intermediate zone of the cornea of 
the wearer to become more spherical and the outer 
portion of the intermediate zone and the peripheral 
zone of the cornea of the patient to assume an aspheric 
shape . 

It is another object of this invention to provide 
a contact lens in which the optical central zones 
provide single vision optical correction for the 
nonpresbyope and bifocal or multifocal optics for the 
presbyope. 

It is yet another object of this invention to 
provide a contact lens in which the chord diameter and 
radius of curvature of the posterior central zone of 
the lens has a sag depth relationship with the cornea 
which provides an optimal fit without distorting the 
optical zone of the cornea or . causing edema 
irrespective of the type ofr material from which the 
lens is matie, and concurrently providing proper vision 
for the patient. 

It is a further object of the invention to provide 
a contact lens that is able to provide good optics to 
correct the vision of the presbyope" and nonpresbyope 
and to induce the cornea to assume a more desirable 
shape conductive to better centering, of a lens on a 
cornea. 

Brief Description of Drawings 

Other objects, features and advantages of the 
invention will be readily apparent from the following 
description of certain preferred embodiments thereof, 
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taken in conjunction with the accompanying drawings, 
although variations and modifications may be effected 
. without departing from the spirit and scope of the 
novel concepts of the disclosure, and in which: 
5 Fig. 1 is a schematic . section of an embodiment of 

the lens and the cornea and lens and iris of the eye of 
a patient; 

Fig. 2 is a plan view of the posterior surface of 
the lens of Fig. 1; 
10 Fig. 3 is a section similar to Fig. 2 of a second 

embodiment provided with bifocal optics; 

Fig. 4 is a plan view of the posterior surface of 
the lens of Fig. 3; 

Fig. 5 is a section similar to Fig. 2 of another 
15 embodiment provided with bifocal optics; 

Fig. 6 is a plan view of the posterior surface of 
the lens of Fig. 5; 

Fig. 7 is a section similar to Fig. 2 of still 
another embodiment providing bifocal optics; 
20 Fig. 8 is a plan view of the posterior surface of 

the lens of Fig. 7; 

Fig. 9 is a section similar to - Fig. 2 of an 
embodiment of the invention providing multifocal 
optics; 

25 Fig. 10 is a plan view of the posterior surface of 

the lens of Fig. 9; 

Fig. 11 is a schematic section greatly enlarged 

illustrating the differences between the "sag depth of 

the posterior .central zone of a lens of the invention 
30 and the sag depth of the corresponding zone of the 

cornea of the patient when the radius of curvature of 

the lens is less than that of the corneal central zone; 
Fig. 12 is a schematic section greatly enlarged 

which is similar to Fig. 11 except that the radius of 
35 curvature of the posterior central zone is greater than 

that of the corneal central zone. 
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Best Modes for Carrying Out the Invention 

In Pig. 1, lens 20 is illustrated in position on 
the eye 22 of the patient, or wearer; only the 
crystalline lens 23 , iris 24, cornea 25, pupil 26 and a 
portion of the sclera 27 are illustrated. The body 30 
of lens 20 is made of a refractive material such as 
methyl-methacrylate or silicone. Lens 20 has an 
anterior surface 32 and a posterior surface 34. 
Posterior surface 34, as is best illustrated in Fig. 2, 
is divided into three zones, a central zone 36, an 
intermediate zone 38 and a peripheral zone 40. 
Anterior surface 32 also- has a central zone 42 
corresponding to posterior central zone 36 with both 
central zones having substantially the same chord 
diameter. Central zones 36 and 42 define the optical 
zone of lens 20 through which light passes through 
cornea 25, pupil 26 and crystalline lens 23 to the 
interior of eye 22. The apex 44 of cornea 25 is at the 
center of the corneal central zone 46 which is defined 
as having substantially the same chord diameter as zone 
36. Peripheral zone 40 is- provided with a well blended 
bevel at its edge, or perimeter, 48. Zone _40 consists 
of a spherical - - radius of curvature which is 
sufficiently large so that it clears the limbus 50 of 
cornea 25 when edge 48 moves to an extremity of cornea 
25, but not so large as to provide excessive standoff 
which would irritate- the eyelid on blinking. 
Peripheral zone 40 can comprise more than one 
contiguous spherical surface, however, only one such 
surface is illustrated in Figs. 1 and 2. Peripheral 
zone 40 also promotes circulation of lacrimal fluid, 
tears, between lens 20 and cornea 25 to minimize the 
risk of cornea 25 become edematous. 

Chord diameter 54 of posterior central zone 36 is 
made equal to or smaller than the largest radius of 
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curvature of the central zone 46 of the cornea 25 as 
measured using a conventional keratometer or as 
determined from keratographs of the cornea and which is 
preferably larger than the largest, measurable chord 

5 diameter of pupil 26. The ■ radius of curvature of the 
posterior central zone 36 is chosen so that the 
difference between the sag depth of posterior central 
zone 36 and the sag depth of corneal central zone 46 
determined using the greatest measured radius of 

10 curvature of zone 46 is in the range of 0-15 microns as 
illustrated in Figs. 11 and 12. 

The relationship between chord diameter , spherical 
radius of curvature and sag depth of a zone such as 
corneal central zone 46 and posterior central zone 36 

15 is given by the following^equation : 

Eq. 1 S 2 + Y 2 = 2 r s. 

where: s, is the sag depth of a curve 

r, is the spherical radius of curvature 
of the zone, and 
20 y, is one-half the chord diameter of the 

zone/-' 

The steps taken to make' ■ a -lens to fit a given 
patient's eye are 1) io measure the cornea using a 
keratometer or keratograph to find the largest radii of 

25 curvature over an area in the .center of the cornea. 
2) to measure the chord diameter of the pupil under dim 
illumination. The chord diameter 54 of posterior zone 
36 can then be determined since it is chosen so that it 
is equal to, or less than, the la-rgest measured radius 

30 of curvature of the center area of the cornea and 
preferably larger than the largest measurable chord 
diameter of the pupil. Choose the chord diameter for 
the corneal center zone 46 as that chosen for zone 36. 



SUBSTITUTE SHEET 



9 



The sag depth s for zone 46 can be calculated using 
equation 1. Once the sag depth of the corneal center 
zone 46 is calculated, the value for the sag depth of 
zone 36 can be determined since it is equal to the sag 
depth of zone 46 plus or minus 0-15 microns. Once a 
value for the sag depth of zone 36 is picked that 
satisfies the foregoing requirements, and since the 
chord diameter for zone 36 has already been determined, 
these values can be used to solve equation 1 to provide 
a radius of curvature for zone 36 which satisfies the 
requirements of this invention. 

Where the radius of curvature r of zone 36 of the 
lens is less than the radius of curvature of the cornea 
as illustrated in Fig. 11, the distance between the 
perimeter of central zone 36 and the perimeter of 
corneal cehcral zone 46 will be substantially zero when 
lens 20 is centered on cornea 25, i.e., optical axis 56 
of the eye passes through the center of zone 36 and the 
difference in: sag depth will appear on axis 56. If the 
radius of curvature r of zone 36 is greater than the 
radius of curvature of corneal zone 46, the difference 
in sag depth of the two zones 36 and 46 appears as the 
distance between the perimeters of these two zones when 
the lens 20 is centered on cornea 25 as illustrated in 
Fig. 12. The distance between the apex 44 of the 
cornea and the center of zone 36 will, under these 
circumstances r*-be substantially zero in the absence of 
the normal layer of tears between lens 20 and cornea 
25. 

The intermediate zone 38 on the posterior surface 
34 of lens 20 4s aspheric; i.e., the curvature 
increases continuously from a minimum adjacent the 
central zone 36 or at the inner edge of the 
intermediate zone 38, the boundary between zones 34 and 
36, to the maximum value at the boundary between the 
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intermediate zone 38 and peripheral zone 40 which is 
greater than the corresponding part of the cornea 25, 
in the preferred embodiment, is between .10 mm. and .20 
mm. The chord diameter of the peripheral zone 40 at 

5 the boundary between zone 40 and intermediate zone 38 
is approximately one millimeter less than the overall 
chord diameter of lens 20. 

The radius of curvature of central zone 42 of 
anterior surface 32 is substantially spherical, and in 

10 combination with the central zone 36 of posterior 
surface 34 of lens 20, provides the proper correction, 
or power, so that the distance vision of the wearer is 
substantially- normal. The balance of . the anterior 
surface lying ^outside of central zone 42 will typically 

15 have the same,, radius of curvature as that of central 
zone 42, but may be any other radius for special 
purposes. 

Referring to Figs. 3 and 4, lens 60 has a body 61, 
4 an interior surface 62 and a posterior surface 63* 

20 Surface 63 is provided with a central zone 64, an 
intermediate zone 65 and a peripheral zone 66. 
Anterior surface .62 has a central zone 67. which 
substantially- corresponds to, i.e., has the same chord 
diameter "as. posterior central zone 64. The chord 

25 diameter 68 ana apherical radius of curvature of the 
posterior central zone 64, the asphericity of 
intermediate zone 65 and the structure and function of 
peripheral zone 66-.- are determined, or as described, 
with respect to the corresponding elements of the 

30 embodiment of Figs. 1 and 2. A central circular region 
69 of anterior zone 67 has a spherical radius of 
curvature which, in conjunction with that of posterior 
central zone 64 , provides the proper power factor for 
normal distance vision. The chord diameter of region 

35 69 is approximately three-quarters of the chord 
diameter of the pupil 26 when measured under a dim, or 

~. .•^^.-ri-sri ITS" .CM SET 
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low lever of, intensity light but in limited 
substantially to a range between a minimum of 3.0 mm 
and a maximum of 6.0 mm. The paracentral region 70 of 
central zone 67, which surrounds the central zone 67, 

5 has a radius of curvature which, in conjunction with 
the radius of curvature of the posterior central zone 
64, provides the proper power factor to correct the 
patient's near vision to substantially normal. The 
balance of anterior surface 62 may have a radius of 

10 curvature substantially equal to that of paracentral 
region 70. 

Referring to the embodiment illustrated in Figs. 5 
and 6, lens 75 has a body 76, an anterior surface 77 
"and a posterior surface 78. Posterior surface 78 has 

15 three zones, a central zone 79, an intermediate zone 80 
and a peripheral zone 81. Anterior surface 77 also has 
a central zone 82, ,the chord diameter of which 
substantially equals that of posterior zone 79. The 
structure and function of intermediate zone 80 and 

20 peripheral zone 81 corresponds to that of intermediate 
zone 38 and peripheral zone 40, respectively, of lens 
20. 

Posterior central zone 79 is divided into regions, 
*a central region 84 and a paracentral region 85. The 

25 chord diameter of region 84 is . approximately, three- 
quarters of the chord diameter of pupil 26 when 
measured under a dim, or low level or intensity light, 
but -is "limited to a range between a minimum of 3.0 mm, 
and a maximum of 6.0 mm. Central region 84 replaces 

30 center zone 64 of the previous described embodiment of 
Pigs. 3 and 4 for the purpose of making calculations, 
and the chord diameter of central region 84 is used in 
the previous calculations to determine the spherical 
radius of curvature of central region 84. Utilizing 

35 the calculated radius of curvature the central region 
84 and the desired add power for near point vision, the 
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radius of curvature of paracentral region 85 is then 
calculated using the well-known formula: 

n 1 - n 
F = — 

F surface power in diopters ; and 

n 1 , is the index of refraction of 
the lens material, 

n, is the index of refraction of 
the tears, and 

r, is the radius of curvature of that 
portion of the surface of the lens 
being calculated. 

When the spherical radius of curvature of 
paracentral region is calculated , it will be flatter 
than the area of cornea to which it corresponds. 

15 The spherical radius of curvature of anterior 

central zcr»<2 82 and that of the central region 84 of 
p^oterior surface 78 provide the proper power factor 
for providing the patient with substantially normal 
distance**vision. The spherical radius of curvature of 

20 paracentral region 85, in conjunction with that of the 
central zone 82 of anterior surface 77, provides the 
proper power factor for providing the patient with 
substantially normal, near vision. The balance, of 
anterior surface 77 lying outside of central zone 82 

25 may typically have the same radius of curvature as zone 
"82, and may ^further include a thick edged lenticular 
flange as . is well known in the art. 

In the embodiment illustrated in Figs. 7 arid 8, 
lens 90 has a body 91 of a refractive material on which 

30 are formed anterior surface 92 and a posterior surface 



Eq. 2 
where : 
5 where : 

10 
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93. Posterior surface 93 has three zones, a central 
zone 94, an intermediate zone 95 and a peripheral zone 
96. Anterior surface 92 also has a central zone 97, 
the chord diameter of which substantially equals the 
chord diameter 98 of posterior central zone 94. The 
chord diameter 98 and spherical radius of curvature of 
posterior central zone 94 and the asphericity of 
intermediate zone 95 are determined as described with 
respect to corresponding elements of the embodiments of 
Figs. 1 and 2. The structure 'and function of 
peripheral zone 96 corresponds to that of peripheral 
zone 40 of lens 20 illustrated in Figs. 1 and 2. A 
round segment, or wafer, 99 made of a higher index of 
refraction material is embedded, or fused, in the lower 
index of refraction material of lens body 91. Segment 
99 is positioned so that it is in the center of zones 

94, ' 97, or so that the optical axis 56 of the patient's 
eye 22 passes through the center of segment 99 when 
lens 90 is centered on cornea 25. The opticai 
characteristics of wafer 99, in conjunction with the 
spherical radii of curvature of zones 94 and 97, 
provides the proper power factor for near vision. The 
chord diameter of segment 99 is chosen so that , it is 
significantly smaller than the chord diameter of pupil 
26 under normal reading illumination but is limited to 
a range between a minimum of 2.5 mm and a maximum of 
3.5 mm. The spherical radii of curvature of zones 94 
and 97 in the paracentral region 100 provides the 
proper optical power factor to provide substantially 
normal distance vision. The radius of curvature of 
anterior surface 92 lying outside central zone 97 will 
generally have the same radius of curvature as central 
zone 97. 

In the embodiment illustrated in Figs. 9 and 10, 
lens 105 has a body 106, an anterior surface 107 and a 
posterior surface 108. Posterior surface 198 has three 



SUBSTITUTE SHEET 



14 

zones, a central zone 109, an intermediate zone 110 and 
a peripheral zone 111. Anterior surface 107 also has a 
central zone 112, the chord diameter of which 
substantially equals the chord diameter 113 of 

5 posterior central zone 109. • Posterior central zone 109 
is divided into two regions, a central region 116 and a 
paracentral region 117. The chord diameter of central 
region 116 is approximately three-quarters of the chord 
diameter of pupil 26 when measured under a dim, or 

10 lower level of intensity light, but is limited to a 
range between a minimum of 3.0 mm and a maximum of 6.0 
mm. The structure and function of intermediate zone 
110 and peripheral zone 111 corresponds to that of 
intermediate zone 80, peripheral zone 81, respectively, 

15 of lens 75, except that peripheral . zone 111 may be 
provided with a pair of adjacent spherical surfaces 114 
and 115, with the radius of curvature of . surf ace 115 
being greater than that of 114. 

Utilizing the calculated radius of curvature of 

20 . central region 116, the radius of curvature of the 

outer edge of paracentral region 117 is calculated in 

accordance with the previously described formula, 

F = n I n . The inner edge of paracentral region 

r 

117 has substantially the same radius of curvature as 
"25 central region 116. The radius of curvature of 
paracentral region 117 is an integrated curve extending 
between the inner and outer edges. Resultingly, the 
- paracentral region 117 is an aspheric surface, the 
radius of curvature of which changes continuously from 

30 that of the central region at the boundary between the 
two regions to a radius of curvature necessary in 
conjunction with the radius of curvature of the 
anterior central zone 112 to provide the near point 
full add power to provide the patient with corrected 

35 vision from near to distant, and for all distances 
between, or a multifocal lens for the presbyope 
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patient. The spherical radius of curvature of anterior 
central zone 112 and that of the posterior central 
region 116 provides the proper power factor to provide 
the patient with substantially normal distance vision. 

5 The radius of curvature of anterior surface 107 lying 
outside of central zone 112 will generally be the same 
as that of central zone 112, 

When aspheric lens of this invention is applied, 
or worn by the patient, * the central zone of the 

10 patient's cornea becomes more spherical; the inner 
portion of the intermediate zone of the cornea becomes 
more spherical and the outer part of the intermediate 
zone and the near periphery zone assume a specific 
aspheric shape. The relationship between the central, 

15 intermediate and peripheral zones of a cornea are 
substantially similar to those of the zones of the same 
name of the posterior surface of a lens. The measured 
radius of curvature of the inner portion of the 
intermediate zone of the cornea and its central zone on 

2Q the nasal and temporal half meridians, for example, 
become substantially the same with that radius being an 
average of the nasal and temporal curves measured in 
the near periphery zone of the cornea prior to lens 
application. The radius of curvature of the inner 

25 portion of the intermediate zone of the cornea and its 
central zone measured on inferior and superior half 
meridians will also become substantially the same with 
the radius being the average of the superior and 
inferior curve measured in the near periphery zones 

3Q prior to lens application. However., the near 

peripheral and outer portion of the intermediate zone 
of the cornea measured on any meridian will have a 
greater radius of curvature than the inner intermediate 
area of the cornea on the same meridian. 

35 The shape of the cornea, as described above, is 

much more ideal for the long term wearer of contact 
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lenses' because it aids in centering a contact lens on a 
cornea. At the same time, lenses of this invention 
will permit adequate movement for proper fluid exchange 
which significantly reduces the . risk of corneas 
5 becoming edematous, even* if nonoxygen permeable 
materials are used in fabricating the lenses, while 
providing the patients with properly corrected distant, 
bifocal or multifocal vision. 

Industrial Applicability 

10 The instant invention provides an alternative to 

conventional eye glasses for persons having need for 
corrective lens. The patient can have contact lens 
satisfying his prescription prescribed and fitted by an 
optometrist or ophthalmologist in accordance with the 

15 teachings of the instant invention. The lens are 
fabricated of a suitable refractive material, such as 
methyl-methacrylate or silicone, using typical tools 
and equipment of the trade as will be appreciated by 
those skilled in the art. 

20 Various modifications; and changes to the 

embodiments herein chosen for purposes of illustration 
will readily occur to those skilled in the art. To the 
extent that such modifications, and variations do not 
depart from the spirit - of ~ the invention, they are 

25 intended to be included within the scope thereof which 
is assessed only by a fair interpretation of the 
following claims. 

Having fully described and disclosed the present 
. invention in such clear and concise terms as _to enable 

30 those skilled in the art to understand and practice the 
same, I claim that which is set forth in the following 
claims. 
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CLAIMS 



A corneal contact lens for correcting the vision 
of an eye of a patient/ said lens comprising: a 
lens body made of a refractive material, said body 
having an anterior surface and a posterior 
surface , said posterior surface having a central 
zone, an intermediate zone, and a peripheral zone, 
said interior surface having a central zone 
corresponding to the central zone of the posterior 
zone, the portion of the lens body defined by the 
posterior and anterior central zones substantially 
defining the optically effective portion of the 
lens for correcting the vision of the wearer; the 
central zone of the posterior surface having a 
chord diameter and a radius of curvature; the 
chord diameter being preferably larger than the 
largest measurable chord diameter of the pupil of 
the eye of the patient but which is equal to or 
less than the maximum measured central spherical 
radius of curvature of the cornea of the patient; 
the radius of curvature of the posterior central 
zone being such that the sag depth difference 
between the measured greatest central spherical 
radius of curvature of the cornea and that of the 
posterior central zone of the lens is in the range 
of from 0-15 microns; the central zone of the 
anterior surface having, a radius of curvature 
which, in conjunction with the posterior surface 
of the central zone, provides the proper power 
factor to provide the patient with substantially 
normal distance vision;: the intermediate annular 
zone of the posterior surface being aspheric with 
a curvature that increases continuously from its 
least value adjacent the peripheral zone, said 
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(Claim 13 Cont'd) 

curvature adjacent the posterior peripheral zone 
being greater than the corresponding zone of the ? 
cornea, said posterior intermediate ■ zone 
controlling the change of shape of the cornea; and * 
the peripheral annular zone having a spherical 
radius of curvature to provide limbal clearance. 

The corneal contact lens of Claim 1 in which one 
of the zones defining the optically effective 
portion of the lens is provided* with a central 
region and a paracentral region and in which the 
spherical radius of curvature of the central 
region of said one zone in conjunction with that 
of the other central zone provides the proper 
power factor for normal distance vision. 



The corneal contact lens of Claim 2 in which the 
chord diameter of the central region is 
approximately three- fourths of the chord diameter 
of the pupil when measured under dim light 
conditions but is limited to a range between 3.0 
and 6 . 0 mm . 



The corneal contact lens of Claim 3 in which the 
spherical radius of curvature of the paracentral 
region of said one zone, in conjunction with the 
radius of curvature of the-.. other central zone, 
provides the proper power factor to correct the 
patient's near vision to substantially normal. 

The corneal contact lens of Claim 4 in which the 
central zone having the central region and " the 



SUBSTITUTE SHEET 



19 

(Claim 5 Cont'd) 

paracentral region is on the anterior surface of 
the lens. 

The corneal contact lens of Claim 4 in which the 
central zone having the central region and the 
paracentral region is on the posterior surface of 
the lens, and which central region has a sag depth 
difference ranging from 0-15 microns. 

The corneal contact lens of Claim 6 in which the 

radius of curvature of the paracentral region 

satisfies the equation F = n Z n to provide the 

r 

proper near vision for the patient. 

♦ 

The corneal contact lens of Claim 3 in which the 
paracentral region of said one zone is aspheric, 
the curvature of said paracentral region, 
increasing continuously from its boundary with the 
central region to its boundary with the: 
intermediate zone, the curvature of the 
paracentral region, in conjunction with that of 
the central zone of the other surface, providing 
the patient with corrected vision from . near to 
distant and for all distances between. 

The corneal contact lens of Claim 8 in which the 
central zone having the central region and the 
paracentral region is on the posterior surface of 
the lens, and which central region has a sag depth 
difference ranging from 0-15 microns. 
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10. The corneal contact lens of Claim 9 in .which the 
radius of curvature of the outer edge of the 
paracentral region is calculated using the formula 
F - nl z n the inner edge has substantially 

5 the same radius of * curvature as the central 

region . 



11. The corneal contact lens of Claim 9 in which the 
radius of curvature of the paracentral region is 
an enlarged curve extending between the inner edge 
10 of the paracentral region and the outer edge of 

the intermediate zone. 



12. The corneal contact lens of Claim 1 in which a 
waf£r made from a material having a differing 
index of refraction from that of the lens body is 

15 positioned in the optically effective portion of 

the lens, the optical characteristics of the 
wafer, in conjunction with the spherical radii of 
curvature of the anterior and posterior central 
zones, providing the proper power factor lo 

20 correct the vision of the patient. 



13. The corneal contact lens of Claim 12 in which the 
index of refraction of the wafer is greater than 
that of the lens body. 



14. The corneal contact lens of Claim 13 in which the 
25 wafer, in conjunction with the radius of curvature 

of the posterior and anterior zones of the lens, 
provides the proper power factor to provide the 
patient with substantially normal near vision, the 
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spherical radii of curvature of the posterior and 
anterior central zones of the lens provide the 
proper optical power for substantially normal 
distance vision. 



5 15. The corneal contact lens of Claim 14 in which the 
chord diameter of the wafer is preferably smaller 
than the chord diameter of the pupil of the 
patient under normal reading illumination, but is 
limited to a range substantially between 2.5 mm 

10 and 3.5 mm. 



16. The corneal contact lens of ClairarJ.5 in which the 
wafer is positioned so that it is substantially 
located in the center of the- posterior and 
anterior central zones of the lens. 



15 17. The corneal contact lens of Claim 16 in which the 
weight of the lens is such that the patient will 
see through the portions of , .the anterior and 
posterior central zones of the lens when the 
patient is looking directly ahead which provide 

20 normal distance vision. 



18. The corneal contact lens of Claim 9 in which the 

peripheral zone of the posterior surface, of the 

lens is provided with a pair of spherical 
surfaces. 



25 19. The corneal contact lens of Claim 18 in which the 
radius of curvature of the outer spherical surface 
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(Claim 19 Cont'd) 
of the two surfaces of the peripheral zone is the 
greater . 

The corneal contact lens of Claim 1 in which the 
curvature of the posterior intermediate zone 
adjacent the posterior peripheral zone is 
substantially in the range of from .10 mm to 0.20 
mm. greater than that of the corresponding part of 
the cornea. 
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